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(57) Abstract: A system and a method for ensuring correct insertion of the components of a femoral prosthesis, i.e. a prosthesis 
Q stem with a ball head and a cup with recess for receipt of the ball head, is described. The system comprises a tool for controlling the 
^ mutual angle between the prosthesis stem and the cup in addition to a positioning system for definition of a reference system and for 
^ determination and adjustment of the offset and length of the leg. 
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COMPUTER ASSISTED ^INSERTION OF AN ARTIFICIAL HIP JOINT 

The present invention regards the area of orthopaedic surgery, and in particular a device 
for ensuring that prosthesis components are inserted correctly upon implantation of 
5 artificial hip joints, and to methods for doing the same. 

An artificial hip joint has two main components; a prosthesis stem and a cup. One end 
of the prosthesis stem is provided either with a spherical ball head or a prosthesis neck 
on which can be placed a ball head, where the ball head is designed for a close, sliding 
10 fit in a spherical recess in the cup. Together, the prosthesis stem with the ball head and 
the cup will act as a ball joint to replace the natural ball joint. 

The other end of the prosthesis stem comprises an elongated part designed to be 
attached to the hollow femoral canal in the patient's femur. 

15 

The cup is designed to be attached to the cavity on the patient's pelvis. The 
hemispherical shaped, recess in the cup is linked with an exterior surface designed to be 
attached to the pelvis, via a side face. The exterior surface may have various shapes, all 
according to the method of attachment to the pelvis and other choices made by the 
20 supplier. Several of the cups that are in use are shaped as an approximate hemisphere, 
where the outer hemispherical surface is designed to be cemented to the pelvis. The side 
face that connects the recess and the exterior surface may be flat or possibly inwardly 
sloping towards the recess, which is preferably approximately centred in the side face. 

25 The prosthesis stem and the cup may be fixed to the femur and the pelvis respectively 
by using cement, or through a cement-free force fit. The invention may be used with 
both fixation techniques. 

When replacing a worn out hip with a prosthesis, the head of the femur is replaced. This 
30 is done by cutting the neck of the femur and hollowing out the top of the femoral canal 
in order to make room for the elongated prosthesis stem that is either cemented into the 
hole or force fitted. 
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The cavity on the pelvis is milled out to receive the cup, which is then fixed either by 
means of cement or a force fit 

If the ball head is detachable, this is placed on the prosthesis stem before the ball head is 
5 placed in the cup, the joint is assembled by lifting the patient's leg up to a natural 
position and inserting the ball head in the recess in the cup, whereupon the incision is 
closed. 

Such a prosthesis should give the patient a mobility that approximates that which is 
1 0 provided by the natural joint. However, as the joint capsule etc. is removed during the 
operation is possible for the patient to place the leg in a position outside its normal 
freedom of movement This may cause the head of the prosthesis jumps out of the cup 
(luxation). Moreover, it is important that a "natural" movement of the joint does not 
cause the patient to get in a situation where the leg ends up in positions where the neck 
15 of the prosthesis rides on the edge of the cup. This happens through simple leverage. 
Luxation occurs in the case of between 2 about and 9 % of all patients who have had a 
femoral prosthesis put in. If this happens, the patient must be anaesthetised before the 
joint is put back into place. Some patients must have a new operation. The risk of 
luxation is much greater in patients whose prosthesis components are assembled so as to 
20 have an incorrect mutual positioning, than in those where the mutual positioning of the 
components is correct. 

The inventor has previously shown that an optimum mutual relationship between the 
prosthesis stem and the cup under experimental conditions (not published) results in a 
25 reduced risk of luxation because the patient can go through the everyday natural range 
of motion (ROM) without the parts of the prosthesis ending up in such mutual 
positioning so as to entail a risk of luxation. 

The inventor has previously shown (not published) that the most adequate ROM is 
30 achieved by assembling both prosthesis components in a manner so as to give them a 
forward angle of about 15 degrees relative to the frontal plane of the body, while the 
cup forms an angle of 45 degrees with the horizontal plane. In medical terminology, 
forward angling is termed anteversion, whereas a backward angling is termed 
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retroversion. An angle than 45 degrees relative to the horizontal plane when the patient 
is standing, is termed abduction, whereas an angle less than 45 degrees is called 
adduction. 

5 The inventor has also previously shown (not published) that even though the optimum is 
to have each of the components angled forwards at 15 degrees, the result is nearly as 
good if the sum of the forward angling of the two components is 30 degrees. Thus a 
prosthesis joint where the cup is angled forwards at 10 degrees and the prosthesis stem 
is angled forwards at 25 degrees will result in a ROM for the patient that is nearly as 
10 adequate as if both components were angled forward at 15 degrees, the sum of the 
forward angling being 30 degrees is both cases 

During the fastening of the prosthesis stem accurate alignment of the prosthesis stem in 
the femur it may be difficult in practice, especially if the stem is to be fastened cement 
15 free. Due to the shape of the internal channel in femur, the prosthesis stem has a 

tendency to slide into the milled channel in. femur resisting to be forced into a specific 
angle. 

Several solutions for insertion of the cup respectively the prosthesis stem and to ensure 
20 that the individual part is being fixed correctly, are known. 

A device for alignment and for holding the cup as it is cemented into the pelvis is 
known from US 5.976.149. The temporarily holding device for the cup is temporarily 
fixed to the pelvis during the cementation. 

25 

From GB 2.197.790 a device for assuring that the cup in a artificial hip joint is fixed 
with a predetermined anteversion and a predetermined angle to the horizontal plane, is 
known. The mutual angle between the parts in the prosthesis is not taken care of by 
using this device. 

30 

Instruments for insertion of the cup is described in EP 888.759 Al and US 5.540.697. 
These instruments are handles onto which the cup is fastened during the insertion but 
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they do not have any means for assuring the correct position and direction of the cup. It 
is u£to the individual surgeon and his experience to determine. 

Several devices and means for assuring and alignment of the prosthesis stem during the 
5 insertion into the femur is know from EP 207 873, PCT/DE90/00715 and EP 865 776 
A2. As mentioned this fixation is not critical. Additionally, these publications do only 
describe devices and means for insertion of one of the prosthesis parts, i.e. the 
prosthesis stem, and does not describe any means ensure an intended mutual angle 
between the cup and the prosthesis stem. 

10 

PCT/NO00/00299, having the same inventor as the present application, describes a tool 
to set the intended mutual angle between the prosthesis stem and the cup during the 
cementation of the cup in the pelvic cavity. The tool described may be locked relatively 
to the prosthesis stem and has one or more abutment surface(s) designed to rest against 

15 a surface of the cup so that the parts are locked relative to each other. Preferably the 
prosthesis is fixed to the channel I femur firstly, before the leg of the patient and the 
prosthesis stem is placed in a normalised position and is used to position the cup 
correctly. This device, however, may not be used by itself to assure the mutual 
positioning between the prosthesis parts when using cups to be mounted without the use 

20 of cement Additionally it may only be used to assure that the parts of the prosthesis is 
positioned correctly relative to each other, but does not take into consideration the 
correct insertion relative to the patient. 

Today there are no means available to ensure that the surgeon installs the prosthesis 
25 components with this correct mutual relationship. With today's methods therefore, this 
is done as judged by the eye. This judgement may be sufficient, especially for 
experienced surgeons who carry out a considerable number of this type of operation 
each year. It is estimated that surgeons who do less than 20 of these every year carry out 
80% of all implantations of artificial hip joints. This number is not sufficient to get 
30 enough practice. 

The bone coverage for the cup is often inferior when the cup is correctly mounted. The 
surgeon will often in cases like that choose to depart from the normally desired angle 
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for the cup to get a better bone coverage. In these cases it would be of great advantage if 
the surgeon could measure the actual angle and thus be able to choose the best 
compromise between angle and bone coverage. 

5 It is therefore desirable to have a method and means that ensure a correct mutual 
positioning of the main parts of the prosthesis in order to reduce the possibility of 
errors, and thereby also reduce the risk of luxation with the resulting pain for the 
patient, and a possible second operation. 

10 During insertion of the artificial hip join it may also be desirable to adjust the length of 
the limb by inserting the prosthesis so that the effective length of the femur from the 
knee to the hip joint is lengthened or shortened. Additionally it may be desirable to 
adjust offset, i.e. the distance between the length axis of the femur and the sagittal plane 
of the body. 

15 

Today no good and reliable method or tool for reliable adjustment of the length of the 
limb or offset exists. An adjustment of the limb length may prevent consequential 
damage in the back, whereas an incorrect offset may reduce the vigour considerably as 
the angle of attach or the lever for the muscle is incorrect. Thus, both errors may cause 
20 considerable pain and danger for consequential damage for the patient. 

The desired regulation of the offset or the desired final offset and length of the limb will 
be determined during a pre-operative examination and polyclinical study of the patient. 

25 It is a goal for the present invention to provide a tool, a system and a method to assure 
that the prosthesis is correctly inserted, that the components of the prosthesis are 
assembled having the correct mutual angle and to assure the provision of a correct 
control of the length of the limb and offset. 

30 Other goals for the present invention will be apparent by reading the following 
description. 
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Detailed description of the invention 

According to a first aspect of the invention a method of ensuring the desired mutual 
positioning of the main components of a artificial hip joint prosthesis, i.e. a prosthesis 
stem with a ball head and a cup with a recess for receipt of the ball head comprising a 
5 tool for interaction with a neck of the prosthesis stem and a cup so that the angle 

between the prosthesis stem and cup may be controlled, wherein one or more indicators 
is placed at the at the positioning tool which position and orientation in the room may 
be read by means of an instrument for determination of the position in the room, is 
provided. 

10 

It is preferred that the instrument determination of position in the room comprises a 
detector fastened to the patient's pelvis. 

It is also preferred that the instrument for determination of the position in the room 
1 5 comprises a conversion unit for conversion of the position of the indicator or indicators 
in the room to the angles in question. 

Preferably the instrument for determination of the position additionally comprises an 
indicator to be fastened to the femur for measuring the spatial angle, the offset and the 
20 length of the limb. 

According to a preferred embodiment the instrument for determination of the position is 
an instrument comprising a source for a magnetic field, one or more sensors and a 
calculation unit, and a display unit for presentation of the position of the sensor(s). 

25 

It is preferred that the instrument for determination of position in the room comprises a 
conversion unit for conversion of the spatial position of the indicator or indicators to the 
desired angles. 



3 0 According to a second aspect of the present invention there is provided a method for 
computer assisted insertion of an artificial hip joint where the anatomy of the hip is 
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made available in a conventional way and the femur and the pelvis is prepared for 
insertion of the parts of the prosthesis, where the method comprises the following steps: 
a) the parts of the prosthesis, i.e. a prosthesis stem and a cup is temporarily into the 

femur respectively the pelvis, 
5 b) a positioning tool for controlling the angle between the parts of the prosthesis is 

inserted between the prosthesis stem and the cup, 

c) the joint is put together, the patient's hip and knee is stretched and the foot is placed 
so that the toes is pointing forwards relative to the patient's body, 

d) the position of the parts of the prosthesis is measured by means of an instrument for 
1 0 determination of the position, 

e) the joint is luxated and the components of the prosthesis is removed, 

f) the cup is again inserted into the pelvis and it is controlled by means of the system 
for determination of position that the position of the cup is the same as under d), 

g) the cup is fixed in this position; 

15 h) the prosthesis stem is fixed to the femur, and 

i) the joint is again put together and the operation is concluded in a conventional way. 

It is preferred that the instrument for determination of the position comprises one or 
more sensors and a conversion unit that is calculating the spatial position of the 
20 detector(s). 

It is also preferred that a sensor that is placed on the position tool during step d) is 
placed on an instrument for insertion of the cup in step f). 

25 According to a preferred method a second sensor is fastened to the pelvis of the patient 
after the anatomy is made available, for correction of any movement of the pelvis 
during the operation. 

It is also preferred that a third sensor is fastened to the femur of the patient for 
30 determination of the position of the femur and wherein the preoperative offset and 

length of the limb is measured after step c) but before step e) by measuring the distance 
between the second and third sensor. 
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It is also preferred that the desired offset and length of the limb is measured and 
optionally corrected before step h). 

5 The invention also comprises a method for computer assisted insertion of an artificial 
hip joint where the anatomy of the hip is made available in a conventional way and the 
femur and the pelvis is prepared for insertion of the parts of the prosthesis, where the 
method comprises the following steps: 

j) the parts of the prosthesis, Le. a prosthesis stem and a cup is temporarily into the 
1 0 femur respectively the pelvis, 

k) a positioning tool for controlling the angle between the parts of the prosthesis is 

inserted between the prosthesis stem and the cup, 
1) the joint is put together, the patient's hip and knee is stretched and the foot is placed 
so that the toes is pointing forwards relative to the patient's body, 
15 m) the position of the parts of the prosthesis is measured by means of an instrument for 
. determination of the position, 
n) .the joint is luxated and the components of the prosthesis is removed, 
o) the prosthesis stem is inserted into the femur and it is controlled by means of the 
system for determination of position that the position of the stem relative to the 
20 femur is the same as under step m), 

p) the prosthesis stem is fixed in this position; 

q) the cup is inserted into the pelvis and it is controlled by means of the system for 
determination of the position that the cup has the same position relative to the pelvis 
as under step m) 
25 r) the cup is fixed in this position, and 

s) the joint is again put together and the operation is concluded in a conventional way. 

It is preferred that the instrument for determination of the position comprises one or 
more sensors and a conversion unit that is calculating the spatial position of the 
30 detectors). 
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Preferably a sensor that is placed on the position tool during step m) is placed on an 
instrument for insertion of the cup in step q). 

It is preferred that a second sensor is fastened to the pelvis of the patient after the 
5 anatomy is made available, for correction of any movement of the pelvis during the 
operation. 

Preferably a third sensor is connected to the femur of the patient to determine the 
position of the femur and wherein the preoperative offset and preoperative bone length 
10 is measured after step 1) but before step n) by measuring the distance between the 
second and the third sensor. 

Preferably the desired offset and length of the limb is controlled and is optionally 
adjusted during step o). 

15 

Short description of the figures 

Figure 1 illustrates a model of the pelvis and a femur where the hip joint is replaced 
by an artificial hip joint and where sensors for measurement of preoperative offset are 
mounted on both, 

20 figure 2 illustrates a model of the pelvis during insertion of a cup of a prosthesis, 
figure 3 illustrates an artificial hip joint put together with a anterversion head, 
figure 4 is an exemplary display for adjustment of angle of the inserting tool 
relative to the pelvis, and 

figure 5 illustrates the patient's planes that is used to define the angles, 

25 

Detailed description of the invention 

The present invention comprises a system including a tool corresponding to the tool 
described in PCT/NO00/00299 to ensure the correct mutual position between the parts 
in an artificial hip prosthesis and a tool for precise determination of position of a 
30 number of sensors. 
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The apparatus for determination of position may be of any type and from any producer. 
As an example a magnetic indicator and a device for magnetic measurement of position 
(Isotrack II from Polhemus Navigation Science, USA, or Flock of Birds® from 
Ascension Technology Corporation, Burlington, VT, USA), or a video based apparatus 

5 for measurement of bearings (e.g. from HipNav from Casurgica, Ihc, or Medivision 
from Stratec Medical) where the positions are calculated by a video-based cross 
bearing, may be used. The apparatus for determination of position is preferably 
connected to a conversion unit for calculating the angles for fixation of the cup relative 
to a plane of reference. The presently preferred system for determination of position is 

10 the system Flock of Birds®. This system comprises a transmitter, or a source for a 

magnetic field located at a suitable place close to the patient, a plurality of sensors and a 
central unit having a standard computer interface. Flock of Birds is constructed to 
operate with a plurality of sensors independent of each other, where the sensor's co- 
ordinates, angle and rotation relative to a co-ordinate system defined with a basis in the 

1 5 transmitter, are given with very high degree of accuracy. In connection with the present 
invention, the Flock of Birds system is preferably connected to a computer for 
calculation of the desired angles and for displaying a user interface that is suitable for an 
operation. 

20 The phrase "system for determination of position " as used in the present application is 
used to indicate the Flock of Birds system or an equivalent system. 

Additionally, equipment traditionally used for this kind of operations is used. 

25 The figures 1 and 2 illustrates to different steps in an operation for insertion of an 

artificial hip prosthesis and the localisation of the different tools and sensors on a model 
of a half pelvis placed on a rack. 

The normal procedure for insertion of an artificial hip prosthesis by means of the 
30 present tool and system will be as follows, without being bound of the described 
sequence of the steps: 
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1 . The patient is examined and a plan for any adjustments of the length of the limb or 
offset is made. This is preferably done pre-clinically. 

2. When the patient is made ready for operation he is placed on the operation table in 
5 the position of a tin soldier. 

3. A transmitter 30 is fastened to a rack at the operation table and three sensors 3 1, 32, 
33 connected to the system by means of cables 34, 35, 36, are placed in sterile 
camera bags. 

10 

4. Surgical cuts are made and the anatomy of the hip is made available. 

5. A fastening device 37 for a sensor is fastened to the pelvis 5 and the first sensor 3 1 
is fastened to the fastening device 37. 

15 

6. A fastening device 38 for a sensor is fastened to the upper part of the femur 1 and 
the second sensor32 is fastened thereto. 

7. The pre-operative length of the limb and offset is measured between the sensors 3 1 
20 and 32 and the results are saved in a PC connected to the positioning system. 

8. Thereafter the standard operational procedures for replacement of a hip joint are 
followed, such as opening of the joint-capsule, sawing through the neck 2 of femur, 
the marrow of the femur 1 is hollowed out and the joint cavity at the pelvis 5 is 

25 milled out to prepare them to receive the components of the prosthesis. 

9. A prosthesis stem 3 is temporarily placed in the prepared hollow in the femur 1 . A 
anterversion head, as illustrated at figure 3, is placed at the prosthesis stem 3, a 
provisional ball 10 and a collar 6 is placed at the prosthesis neck, which is an 

30 elongation of the prosthesis stem 3. The collar 6 and the provisional ball 10 is 

locked together by means of guide rods 9 placed on a grip 7, where the guide rods 
runs through both the ball 10 and the collar 6. The collar 9, the ball 10 and the guide 
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rods 9 constitutes tool 1 1 for control of position that defines the angle between the 
cup and the prosthesis stem when the ball 10 lies in a corresponding recess in the 
cup 4 and the collar 6 rests against a side face 13 of the cup 4. 

5 10. A cup 4 is temporarily placed in the milled out cavity in the pelvis and the artificial 
joint is put together. The hip and knee is stretched so that the toes are pointing 
forwards and parallel to the toes of the other foot. Thereafter the length of the limb 
and offset is measured the same way as the measurement of preoperative length of 
the limb and ofiset The measured values are compared with the desired values 

10 according to the preoperative plan. Any deviations from the preoperative plan are 
thereafter adjusted. 

11. Sensor 33 is then placed at the handle 7 of the anterversion head and the co- 
ordinates, direction and angle of the sensor is measured and saved in the PC 

15 connected to the positioning system. The antervesion head assures that the mutual 

position of the sensor 33 at the handle 7 and the cup is fixed. A measurement of said 
measuring values for the sensor 33 would therefor indirectly indicate the position of 
the cup relative to the co-ordinate system. This measurement is used as reference for 
the final fixation of the cup and correspondingly for the prosthesis stem. 

20 Figure 1 illustrates this step in the operation where the femur is placed so that offset 
and the length of the limb may be measured at the same time as the sensor 33 is 
placed at the handle to measure the correct position for the cup 4. 

12. The joint is again luxated and the prosthesis parts are taken out. The cup is then put 
25 on a insertion handle 40 and the handle 7 is transferred to the insertion handle. The 

insertion handle 40 is of a standard type routinely used for this kind of operations, 
having a minor adaptation to be able to receive the handle in a position 
corresponding to the position of the handle relative to the cup when he handle is 
placed on the anterversion head. The adaptation is made by drilling two holes to 
30 receive the guide rods 9 of die insertion handle 7. 
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1 3 . The cup is thereafter installed by means of the insertion handle. The measured 
values for the position of the sensor 33 relative to the sensor 31 at the pelvis is 
displayed at a display 20 as illustrated in figure 5. The above measured reference 
value for the temporarily insertion of the prosthesis parts is shown at the screen as 
5 origo in a co-ordinate system and the deviation from the reference value is given in 
degrees along the co-ordinates. Anteversion and retroversion, respectively, are 
indicated along the z-axis, whereas abduction and adduction, respectively, are given 
along the Y-axis. 

10 14. The values measured for sensor 33 is shown as a circle 22 with cross hairs 23. When 
the cross hairs 23 overlaps with the co-ordinate system 21, the cup 4 is in the same 
position as during the measurement of the reference value. Departure from the 
reference value may be controlled as desired by the surgeon taking into 
consideration bone coverage etc. After the desired position is achieved, the cup may 

15 be fixed e. g. by means of cement. 

Figure 2 illustrates this step for adjustment and fixation of the cup 4 to the pelvis. 



15. The prosthesis stem is thereafter fixed permanently to the femur, a permanent ball is 
put onto the prosthesis neck and the joint is put together. 

20 

16. The operation is the finished by means of conventional technique. 

In an alternative procedure for insertion of an artificial hip joint the prosthesis stem may 
be fixed to the femur based on data for the position of the prosthesis stem provided in a 

25 modified step 1 1 above. This modified step 1 1 is based on the setup illustrated in figure 
1 . Measurements of the sensor 32 relative to sensor 31, sensor 33 relative to sensor 31 
and sensor 33 relative to sensor 32, are taken. The position of the prosthesis stem 
relative to the sensor 32 is thereby given as the sensor 33 is fixed relatively to the 
prosthesis stem. The positioning tool 1 1 may thai be used together with the system for 

30 determination of the position to recreate this relative position, and if necessary make the 
desired correction in oflset and length of the limb during the insertion and fixation of 
the prosthesis stem in the femur. The cup 4 may so independently be inserted in the 
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pelvis as indicated above. The desired positioning of both the prosthesis stem and the 
cup is assured by this procedure. 

The angle calculated by means of the conversion unit mentioned above, is an angle 
5 relative to a reference plane. It may here be practical to refer to the patient's frontal 
plane 30. It is, however, important that the plane is clearly defined and is suitable for 
alignment of prosthesis parts for an artificial hip joint. A skilled man in the art will 
understand which planes are useful in practice. 

1 0 According to a preferred embodiment the basic angle is generated using this plane, i.e. 
the angle measured using the positioning tool where the cup 4 has the desired angle and 
where the prosthesis stem, and thereby also the patients leg, has the same angle relative 
to the cup, by means of a co-ordinate system 21 at a screen 20 as illustrated in figure 5. 
This co-ordinate system is locked to give basic angle or the angle to be used for 

1 5 insertion of the cup and correspondingly for the prosthesis stem. 

After calculation of the correct angle and the co-ordinate system is locked as stated 
above, the patient's femur is moved so that the positioning tool 1 1 and the provisional 
cup are removed from interaction with the milled recess in the patient's pelvis. A cup 4 
20 to be permanently fixed in the milled recess is then placed on the insertion tool 12. 

The insertion tool 12 is adapted for interaction with the recess in the cup 4 and has a 
contact surface designed for contact with the side surface of the cup. The handle 7 with 
guide rods 9, that is removed from the positioning tool 1 1, is then fastened to the 

25 insertion tool 12 in not illustrated holes for the guide rods 9. After fixing the handle 7 to 
the insertion tool 12 the mutual position between the cup and the indicator 33 will be 
the same as it was when using the positioning tool 1 1 . By aligning the positioning tool 
so that the original position for the indicator is recreated it is possible to assure that the 
cup has the same position relative to the pelvis as the provisional cup had during the 

30 measurement using the positioning tool 1 1 . Thereby it is possible to assure that the cup 
4 of an artificial hip joint is correctly inserted into the pelvis and that the mutual angle 
between the parts of an artificial hip joint is correct 
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By using the tool as described above, wherein the angle measured by means of the tool 
for control of position was shown as a co-ordinate system 21, the position of the 
indicator is now indicated and the angle of the insertion tool are thereby shown 
5 indirectly as a circle 22 with cross hairs 23. The insertion tool 12, handle 7 ad indicator 
33 is then moved so that the cross hairs 23 coincides with the co-ordinate system 2. 
When the cross hairs 23 coincides with origo of the co-ordinate system 21, the angle of 
the insertion tool is correct ant the cup may be fixed, either by pounding/pressing the 
cup to fit into the milled recess or by cementing. 

10 

The co-ordinate system is all the time controlled and corrected relative to the sensor 31 
fastened to the pelvis, so that minor movements in the patient's pelvis between the 
determination of the angle and insertion, are corrected. 

15 The insertion tool may be of different design. The illustrated tool is a tool that is 

commonly used for a cemented prosthesis. A tool for an uncemented prosthesis must 
have an impact surface where the surgeon may pound during the insertion of the 
prosthesis in addition to be adapted for engagement with the cup. The insertion tool may 
also have replaceable contacting surface for the cup so that the contacting surface may 

20 be changed to adapt the tool to the actual cup. During the insertion of an uncemented 
prosthesis a provisional cup has to be used for the reference measurement. 

After the cup is fixed at the correct place and in the correct position, the insertion tool 
12 may be removed, a permanent ball is put on the prosthesis neck, the femur is placed 
25 in the normal position so that the artificial joint is put together before the operation is 
finished the conventional way. 

In these circumstances the surgeon using the present tool has the possibility freely to 
depart from the ideal angle provided the special circumstances. Such special 
30 circumstances can for example be the fact that the bone coverage for the cup is inferior 
for the ideal angle. If this is the case the surgeon may choose another angle being a 
compromise between the ideal angle and the need for the best bone coverage possible. 
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The deviation may then be read, introduced into the journal and be used when the 
patient are given advice after the operation on the permitted movements. 

According to an alternative embodiment of the present invention, the positioning tool 
5 may also be used to ensure a correct direction for the milling in the pelvis and to ensure 
that any conflicting bone mass around the joint hollow is removed if it causes 
impingement. After the measurement of the desired angle as described above by means 
of the positioning tool, the handle 7 with the indicator 33 is placed on the mill. The 
desired angle is again found by means of the tool for determination of the angle before 
10 the mill is started. It is here possible to read the angle continuously to see of the angle is 
correct during the milling operation. 

The determination of the angle by means of the present tool is, as described above, an 
indirect determination where an indicator 33 is located on a handle 7 and the position of 
1 5 the indicator in the room is used for the determination of an angle. It is therefor practical 
to move this handle with the indicator from the positioning tool 1 1 to the insertion tool 
12 and possibly to the mill. Preferably the handle with indicator may be placed at the 
insertion tool or possible at the mill to achieve the same distances and angles to the cup, 
respectively the mill as during the measurement. 

20 

It is not a condition for the present invention that the indicator 33 is placed at the handle 
7. The indicator 33 may have any suitable localisation. If the indicator is medical 
acceptable, one or more indicators may as an example be integrated with the prosthesis 
stem. In this case it may be practical to integrate one or more indicators) in a 
25 corresponding position relative to the prosthesis cup with the insertion tool. 

Also solutions where the indicator at the positioning tool has a different geometrical 
location than the indicator at the insertion tool are possible. In these cases a conversion 
of the position of the indicator at the insertion tool corresponding to the indicator at the 
30 positioning tool is necessary. The conversion may be one automatically based on the 
measurements of the different tools and the position of the indicators at the tools. 
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Other units for calculation, such as a PC or a different computing device with a program 
for conversion of the measured values to units and forms for representation that are 
more suitable for a user-friendly presentation on a screen or another display unit, may 
be connected to the instrument for determination of the position. Several units of said 
5 kind are available at the marked and the possibilities for adaptation are great. The 
inventor has used a form of representation where the first measured position and the 
angles relative to a reference plane derived therefrom are represented at a screen by 
means of a co-ordinate system and where the corresponding angles when using the 
insertion tool is represented at the screen as cross hairs. This has been found to be very 
10 practical 

A preferred embodiment of the present invention is described above. In cases where the 
control and possible adjustment of offset and length of the limb are without interest the 
sensor 32 and the step for controlling this parameters may be omitted. 

15 

The sensor 31 is preferred as it makes it possible to correct any displacement of the 
pelvis during the operation between the measurement of the reference values and the 
fixation of the cup, respectively between the measuring of the preoperative offset and 
length of the limb. It is also possible to practice the present invention without a sensor 
20 31 fixed to the pelvis. The results will, however, be more uncertain than by using the 
sensor, provided that no other way of ensuring the position of the pelvis and prevent 
movement of the pelvis between the measurements are available. The co-ordinate 
system will then be defined by the transmitter without any corrections from a reference 
sensor fixed to the pelvis. 

25 

Additionally, different variations of the method described above are possible without 
leaving the scope of protection defined in the attached claims. 

The anterversion head 1 1 with a handle and sensor 33, may as an example, be used for 
30 insertion of the prosthesis stem into the femur. The position of the sensors 33 and 32 
relative to each other, then has to be measured in step 1 1 above, in addition to the other 
measurements performed during step 11. During the insertion of the prosthesis stem the 
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relative localisation of the sensors 31 and 33, if necessary corrected for length of the 
limb and offset as described above for the insertion of the cup, is recreated before the 
prosthesis stem is fixed. This controlled and guided insertion of the prosthesis stem may 
be carried out before or after the insertion and fixation of the cup. 

5 

The angles in question used above are ideally measured relative to the planes of 
orientation indicated in figure 6. The patient's frontal plane 30 is approximately parallel 
to the bed when the patient is lying flat on the back, the horizontal plane 31 is 
approximately parallel to the ground when the patient is standing upright and the 
10 sagittal plane is perpendicular to both said planes through the body's length axis. 

The indications of angles through the present description and claims are approximations 
relative to the planes of orientation given in figure 6 and are therefor indicated relative 
to each other. A determination of the angles relative to the body's planes of orientation 

1 5 is desirable but inaccuracies due to tissue such as muscles and adipose tissue, unknown 
bending angle in the pelvis and unknown degree of bending in the backbone in the lying 
position, makes it possible only to achieve approximations of the final angles relative to 
the planes of orientation. The best possible approximation is achieved by stretching out 
the hip and thereafter measure the relative angle by means of the positioning tool 1 1 

20 described above. It is, however, important in using the present invention that the patient 
is lying in exactly the same position during the measurement of the angle and locking of 
the co-ordinate system by means of the positioning tool 1 1, as during the insertion of 
the cup. In this way a sufficiently good approximation of the ideal angles are achieved. 
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Patent claims 
1. 

A method of ensuring the desired mutual positioning of the main components of a 
artificial hip joint prosthesis, i.e. a prosthesis stem with a ball head and a cup with a 
5 recess for receipt ofthe ball head, c haracterised in that it 
comprises a tool (1 1) for interaction with a neck of the prosthesis stem (3) and a cup (4) 
so that the angle between the prosthesis stem and cup may be controlled, wherein one or 
more indicators (33) is placed at the at the positioning tool which position and 
orientation in the room may be read by means of an instrument for determination of the 
10 position in the room. 

2. 

System according to claim ^characterised in that the instrument 
determination of position in the room comprises a detector fastened to the patient's 
15 pelvis. 

3. 

System according to claim 2, characterised in that the instrument for 
determination of the position in the room comprises a conversion unit for conversion of 
20 the position of the indicator or indicators in the room to the angles in question. 

4. 

System according to one or more of the previous claims, c h aracterised in 
that the instrument for determination of the position additionally comprises an indicator 
25 to be fastened to the femur for measuring the spatial angle, the offset and the length of 
the limb. 

5. 

System according to one or more of the previous claims, characterised in 
30 that the instrument for determination of the position is an instrument comprising a 
source for a magnetic field, one or more sensors and a calculation unit, and a display 
unit for presentation of the position of the sensor(s). 
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6. 

System according to claim 4 or 5, characterised in that the instrument for 
determination of position in the room comprises a conversion unit for conversion of the 
5 spatial position of the indicator or indicators to the desired angles. 

7. 

Method for computer assisted insertion of an artificial hip joint where the anatomy of 
the hip is made available in a conventional way and the femur and the pelvis is prepared 
1 0 for insertion of the parts of the prosthesis, where the method comprises the following 
steps: 

a) the parts of the prosthesis, i.e. a prosthesis stem and a cup is temporarily into the 
femur respectively the pelvis, 

b) a positioning tool for controlling the angle between the parts of the prosthesis is 
15 inserted between the prosthesis stem and the cup, 

. c) the joint is put together, the patient's hip and knee is stretched and the foot is placed 
so that the toes is pointing forwards relative to the patient's body, 
d) the position of the parts of the prosthesis is measured by means of an instrument for 
determination of the position, 
20 e) the joint is luxated and the components of the prosthesis is removed, 

f) the cup is again inserted into the pelvis and it is controlled by means of the system 
for determination of position that the position of the cup is the same as under d), 

g) the cup is fixed in this position; 

h) the prosthesis stem is fixed to the femur, and 

25 i) the joint is again put together and the operation is concluded in a conventional way. 

8. 

The method according to claim 7, wherein the instrument for determination of the 
position comprises one or more sensors and a conversion unit that is calculating the 
3 0 placing and the spatial position of the detector(s). 
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9. 

Method according to claim 8, wherein a sensor during step d) is placed on the position 
tool and where the sensor is moved to an instrument for insertion of the cup in step f). 

5 10. 

Method according to claim 8, wherein a second sensor is fastened to the pelvis of the 
patient after the anatomy is made available, for correction of any movement of the 
pelvis during the operation. 

10 11. 

Method according to claim 10, wherein a third sensor is fastened to the femur of the 
patient for determination of the position of the femur and wherein the preoperative 
offset and length of the limb is measured after step c) but before step e) by measuring 
the distance between the second and third sensor. 

15 

12. 

The method according to claim 11, wherein the desired offset and length of the limb is 
measured and optionally corrected before step h). 

20 13. 

Method for computer assisted insertion of an artificial hip joint where the anatomy of 
the hip is made available in a conventional way and the femur and the pelvis is prepared 
for insertion of the parts of the prosthesis, where the method comprises the following 
steps: 

25 j) the parts of the prosthesis, i.e. a prosthesis stem and a cup is temporarily into the 
femur respectively the pelvis, 
k) a positioning tool for controlling the angle between the parts of the prosthesis is 

inserted between the prosthesis stem and the cup, 
1) the joint is put together, the patients hip and knee is stretched and the foot is placed 
, 30 so that the toes is pointing forwards relative to the patient's body, 

in) the position of the parts of the prosthesis is measured by means of an instrument for 
determination of the position, 
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n) the joint is luxated and the components of the prosthesis is removed, 

o) the prosthesis stem is inserted into the femur and it is controlled by means of the 

system for determination of position that the position of the stem relative to the 

femur is the same as under step m), 
5 p) the prosthesis stem is fixed in this position; 

q) the cup is inserted into the pelvis and it is controlled by means of the system for 

determination of the position that the cup has the same position relative to the pelvis 

as under step m) 
r) the cup is fixed in this position, and 
10 s) the joint is again put together and the operation is concluded in a conventional way. 

14. 

The method according to claim 13, wherein the instrument for determination of the 
position comprises one or more sensors and a conversion unit that is calculating the 
1 5 spatial position of the detector(s). 

15. 

Method according to claim 14, wherein a sensor during step m) is placed on the position 
tool and where the sensor is moved to an instrument for insertion of the cup in step q). 

20 

16. 

Method according to claim 15, wherein a second sensor is fastened to the pelvis of the 
patient after the anatomy is made available, for correction of any movement of the 
pelvis during the operation. 

25 

17. 

Method according to claim 16, wherein a third sensor is connected to the femur of the 
patient to determine the position of the femur and wherein the preoperative offset and 
preoperative bone length is measured after step 1) but before step n) by measuring the 
30 distance between the second and the third sensor. 
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18. 

Method according to claim 17, wherein the desired offset and length of the limb is 
controlled and is optionally adjusted during step o). 



5 



WO 02/080824 



PCT/NO02/00137 



1/5 




WO 02/080824 



2/5 



PCT/NO02/00137 




WO 02/080824 



PCT/NO02/00137 



3/5 




WO 02/080824 



4/5 



PCT/NO02/00J37 



1% Com Aim 


. town Oirf/iflmfitei 


r: 


1 25 

« 20 


p 

-i- 




30 -25 -20 -15 -™ -5 

-10 

,Q -1 5 — — 

g 20 

cq ■ "25 
* -30 

. . . >*/?fev@sK>n 


5 10 15 20 25 3 

— 21 


0 



^ 2(7 



WO 02/080824 



5/5 



PCT/NO02/00137 




Fit. 5 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
□'BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SHEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 
GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE (S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



